The characteristics of porosity and permeability in tight clastic rock reservoir have significant difference from those in conventional reservoir. The increased exploitation of tight gas and oil requests further understanding of fluid performance in the nanoscale pore-throat network of the tight reservoir. Typical tight sandstone and siltstone samples from Ordos Basin were investigated, and rate-controlled mercury injection capillary pressure (RMICP) and nuclear magnetic resonance (NMR) were employed in this paper, combined with helium porosity and air permeability data, to analyze the impact of pore-throat structure on the storage and seepage capacity of these tight oil reservoirs, revealing the control factors of economic petroleum production. The researches indicate that, in the tight clastic rock reservoir, largest throat is the key control on the permeability and potentially dominates the movable water saturation in the reservoir. The storage capacity of the reservoir consists of effective throat and pore space. Although it has a relatively steady and significant proportion that resulted from the throats, its variation is still dominated by the effective pores. A combination parameter ( ) that was established to be as an integrated characteristic of pore-throat structure shows effectively prediction of physical capability for hydrocarbon resource of the tight clastic rock reservoir.
Introduction
Hydraulic properties of rock formations are critical to evaluate the economic viability of petroleum, gas, and geothermal and groundwater reservoirs [1, 2] . To investigate the fluid flow mechanism in porous materials, Henry Darcy did massive experiments and developed his famous correlation to describe the dynamics of fluid flow in porous media, namely, for Darcy Law. However, the further research of percolation in tight reservoir, particularly in nanoporous reservoir, shows that hydraulic characteristics are more complicated and multicontrolled, which is beyond Darcy Low [3] [4] [5] [6] . The deviation from the linearity of Darcy's equation was observed at high flow rate [7] , and this is called non-Darcy flow [8] . In tight reservoir, capillary flow, which was proposed by Washburn [9] , as a kind of non-Darcy flow, dominated the seepage mechanism in the reservoir sophisticatedly and received more and more attention in researches of reservoir quality and petroleum and gas recovery [10] [11] [12] [13] [14] [15] .
The non-Darcy coefficient, as called by Saboorian-Jooybari and Pourafshary [4] , in the equation that is used to describe the non-Darcy flow was hard to defined. Therefore, the behavior of fluid in tight reservoir still awaits to be revealed. To investigate the fluid performance in tight clastic rock reservoir, some experiments and studies returned back to the essential issues, including the pore-throat structure and physical interaction of fluid-pore-wall in the tight reservoir [6, 10, 13, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . However, the pore-throat structures are various significantly in tight clastic rock reservoir and the fluid flow inside needs to be particularly concerned [25] [26] [27] [28] [29] .
2 Geofluids Lots of techniques have been used for studying the porethroat structure of the tight reservoir, including scanning electron microscopy (SEM), X-ray computer tomography (CT), and mercury injection capillary pressure (MICP). MICP, testing the capillary pressure and mercury saturation, can obtain pore-size distribution by calculation of Washburn [9] equation and more detailed parameters of the pore-throat network, such as threshold pressure as defined by Katz and Thompson [30] and displacement pressure as defined by Schowalter [31] . This technique was used by lots of scholars to research the pore-throat structures and try to relate these characteristics to simple and easy obtained parameters, such as permeability and porosity, and further to estimate the reservoir quality for economic fluid pay [32] [33] [34] [35] . With the increase of unconventional hydrocarbon resource exploitation in recent years, some applications have to be conducted in the tight fine-grained sandstone, siltstone, carbonate rocks, and shale [3, 15, 28, [36] [37] [38] . By controlling the mercury injection rate to be constant approximately and in a very low magnitude, the capillary-pressure curves can be obtained by partitioning the total capillary-pressure curve (normal capillary-pressure curve) into two subcurves, the subison capillary-pressure curve, which details the distribution of pore bodies, and the rison capillary-pressure curve, which details the distribution of throats bodies [39] . This technique is named the rate-control mercury injection capillary pressure (RMICP).
Under the clarified condition, nuclear magnetic resonance (NMR) leads to a feasible analysis of fluid saturation, which could be linked to the pore-throat structures that are tested by RMICP. NMR, as a technique of detecting the presence of hydrogen nuclei and obtaining more information about the fluid in the reservoir by recording the transverse relaxation time ( 2 ) , was used to analyze the lithologyindependent porosity, fluid typing, and pore-throat system [40] [41] [42] [43] [44] [45] [46] . The laboratory test of NMR measures the rate at which the precession of hydrogen nuclei in the pore fluid gradually dephases in the presence of an inhomogeneous magnetic field, which could be used for estimating the saturation of hydrogen phase in the reservoir.
The samples from Chang 7 Member of Upper Triassic in Ordos Basin, China, is typically tight clastic rock reservoir, including fine-grained sandstone and siltstone [47, 48] . The exploitation of unconventional oil and gas in these tight reservoir appeals to more detailed researches of the controls on the storage and seepage capacity of the reservoir, which has been linked to the pore-throat structure essentially. Based on the conventional helium porosity and air permeability data, here we employed RMICP and NMR as a combination to address the following issues:
What dominated the porosity and permeability of tight clastic rock reservoir?
How does the pore-throat structure impact on reservoir storage capacity?
What controls the valid porosity for hydrocarbon, particularly for petroleum, in tight clastic rock reservoir? How does the pore-throat structure affect the irresistible water saturation in the tight reservoir?
Geological Setting
The Ordos Basin, located in central China (Figure 1 ), formed as an intraplate depression on the northwest China craton during the Mesozoic and Cenozoic. The basin is formed on top of Paleoproterozoic crystalline basement [49, 50] and now comprises six tectonic belts [51] . The Ordos Basin first formed in the early Triassic due to uplift in the east and subsidence in the west. Four transient inversion events have been identified between the Triassic and the present day [52] . The continuous subsidence was the overall characteristic of the basin up to the mid Cretaceous. The present burial depth of Chang 7 in the area of interest (Longdong area) is about 2,500 to 3,000 m. The Longdong area is located in the southwest part of the Ordos Basin ( Figure 1 ). The Ordos Basin started as a lacustrine basin at the onset of the Upper Triassic Yanchang Stage. The oldest unit, Chang 10, was a lake-marginal fluvial deposit. Evolving through Chang 9 and Chang 8, Chang 7, the unit of interest, occurred in a relatively deep lacustrine setting due to an increase in base level (Figure 2 ). Chang 7 was deposited in a lacustrine delta front environment in research area. From Chang 7 to Chang 1, the youngest unit, sedimentation occurred in progressively shallower lake waters. Maximum flooding therefore occurred in the Chang 7 period; this resulted in widely distributed, organic-rich, source rocks in the Ordos Basin [54] . The Chang 7 Member is thus the dominant source rock that has charged a number of Yanchang Formation reservoirs [55, 56] . Chang 7 is dominated by thickbedded, mudstone-dominated, organic-enriched dark shale in the lower sections [57] , with tight sandstone and siltstone, the focus of this research, interbedded with shale in the upper sections.
Methods
The slow constant-rate mercury intrusion reduced the changes of capillary pressure caused by fluid velocity to negligible. Therefore, the shape of fluid front surface changes with the variation of pore geometry, which is determined and recorded by capillary pressure. In the beginning of the injection, the pressure increases steadily until the point it drops down rapidly (this process is called rison). The dropdown point stands for the maximum throat that has been broken in. Then the pores and suborder throats are filled up; this process is, named subison, continued until the pressure returns back to the first pressure drop-down point, and then it increases again to the next process of rison and subison. This technique resolves the space of the reservoir into pore bodies (subisons) and throats (risons); each of them is characterized by entry pressure and mercury volume curve [58] .
The relationship between pressure ( ) and pore-throat radius ( ) has been given by the Young-Laplace law for the particular case of cylindrical pores as the Washburn equation [59, 60] :
This equation dictates that, with increasing pressure, the mercury will intrude into progressively narrower pores for constant values of contact angle ( Hg ) of mercury with the porous material intruding and mercury surface tension ( Hg ) [60] .
Using this function to the RMICP result, pore and throat radii could be calculated separately, and further the ratio of pore/throat in volume can be obtained.
In this paper, ASPE-730 RMICP device has been employed; the operation followed the standard Q/SY DQ1531-2012 of Daqing Oilfield, CNPC, China [61] . Mercury injection rate was a constant value of 5 × 10 −5 ml/min, and maximum intrusion pressure was 900 psi (6.21 MPa) in order to keep the injection rate quasistatic. This corresponds to a pore-throat radius of 0.12 m.
Nuclear magnetic resonance technique records the net magnetization (signal amplitude and relaxation time decay) of a hydrogen atom or proton 1 H (abundant in water and hydrocarbon) in the presence of an external magnetic field [11] . The magnetization of the protons in the fluid relaxes exponentially with the constant of proportionality being the transverse relaxation time ( 2 ). The transverse relaxation time due to surface relaxation is a function of surface relaxivity (constant) and surface area to volume ratio of the pore, which is derived from the equivalent volume of fluid [62, 63] .
Some effects may affect the NMR signal that we need to know, such as pore coupling [41] or surface relaxivity variation with mineralogy [64] and the heterogeneity of the magnetic field. These may affect the interpretation of NMR signals [46] .
The samples for NMR were dried and vacuumed completely and then immerged in the 8% KCl solution to reach saturation. NMR analysis was operated by Research Institute of Petroleum Exploration and Development, CNPC, using MAGNET2000 device with a resonance frequency of 2.38 MHz and a magnetic field strength of 1200 G. 2 spectrums were recorded at water saturation and centrifuged condition separately. The samples were centrifuged at a pressure of 200 psi (1.38 MPa) to reach irreducible water state.
The experiment was operated in Research Institute of Petroleum Exploration and Development, CNPC, and the data was provided by PCOC, including helium porosity and air permeability data.
Result

Porosity and Permeability.
The measured porosity and permeability in these samples are shown in Table 1 . The core analysis helium porosity varies from 6.32% to 14.59% with an average 10.82%. The air permeability varies from 0.0068 to 0.139 × 10 −3 m 2 with an average of 0.0377 × 10 −3 m 2 . The cross-plot shows that the permeability and porosity have a weak correlation; even the low porosity samples have higher permeability than that in those high porosity samples. The samples that have low porosity (less than 8%) have a relatively high permeability (average 0.076×10 −3 m 2 ); on the contrary, the samples that have high porosity (more than 14%) show low permeability values (average 0.014×10 −3 m 2 ) (Figure 3 ). This is opposite to the common conclusion gained from the conventional reservoir.
Rate-Controlled Mercury Injection Capillary Pressure (RMICP).
The processes of mercury injection capillarypressure test record the volume of injected mercury and the corresponding capillary-pressure. Combining the porosity and bulk volume of the sample, the mercury saturation can be calculated from the injected mercury volume. With the RMICP technique, throat and pore capillary pressure and mercury saturation can be recorded separately. As an example, RMICP curve was illustrated in Figure 4 ; their detailed characteristic parameters are shown in Table 1 . Following the processes of RMICP, constant injection rate increased the pressures in the beginning persistently; the first pressure-drop point presents the maximum size of throat that has been broken in. This entry pressure, being indicative of the largest throat radius [65] , was defined as threshold pressure in this paper. The threshold pressure of these tight reservoirs ranges from 159 to 292 psi (1.1 to 2.01 MPa), with an average of 228.7 psi (1.58 MPa) ( Table 1 and Figure 4) . Calculated from the threshold pressure, the maximum throat radius in these samples ranges from 0.37 to 0.69 m; the average is 0.5 m. Finally, the mercury saturation reached the peak which is different between samples. The finally mercury saturation of the samples varies from about 33 to 60% with an average of about 47% (Table 1 and Figure 4) . Separately, the pore mercury saturation varies from about 13 to 44% with an average of about 31%; and the throat mercury saturation varies from about 12 to 19% with an average of 16%. Consequently, the calculated mercury-effective pore volume varies from 0.008 to 0.049 cm 3 with an average of 0.034 cm Standard deviation coefficient of throat radius in each sample was calculated as a parameter to evaluate the heterogeneity of throat size in these samples. The average standard deviation coefficient of each sample varies from 0.22 to 0.35 with an average of 0.27. RMICP that separated pore and throat volume allows that pore/throat ratio can be calculated, which is an important parameter to analyze the characteristics of distribution of pores and throats. The average pore/throat ratio of each sample ranges from 405 to 764 (average is 575). Some examples of pore/throat ratio distribution in individual samples are shown in Figure 5 (c); they are mainly located in between 200 and 800.
Nuclear Magnetic Resonance (NMR)
. NMR experiment records 2 and its amplitude of the samples both in water saturation and in centrifuged condition. The curve of 2 and its amplitude shows a weak bimodal when the samples are saturated. Comparing to the curve that was centrifuged, the decrease of amplitude in the right, which has long 2 and results from pores mainly, shows that most movable water came from the pores, and the left of the curve changed slightly, which shows that the throats held water firmly ( Figure 6 ). The statistic results reveal the percentage of irreducible and movable water in these samples (Table 1) . Movable water has a proportion of 30 to 56% with an average of 40%. On the contrary, irreducible water has a proportion of 60% in average and reaches a maximum of 70%. Calculated with the rock porosity, only three to six percent of the whole rock bulk volume is available for hydrocarbon production ( Table 1) .
The volume of movable water is different to the RMICP result of mercury saturation volume. The movable water could flow freely in the reservoir or at high pressure (e.g., provided by stimulation production technique). Mercury injected under the high pressure can be interpreted as the volume of hydrocarbon that could be preserved in the reservoir, but not all of them could be produced. One thing needs to be understood here is that the cohesiveness and adhesiveness of water, mercury, and hydrocarbon are different significantly, so that the comparison analysis between the saturation results of these two experiments is not scientific; however, the analysis of individual experiment results or comparison of the geometry parameter is still a useful technique for understanding pore and throat structure of the hydrocarbon reservoir.
Discussion
The Influence of Pore-Throat Geometry on Porosity and
Permeability. The weak relationship between core analysis porosity and permeability indicated that the porosity of these tight reservoirs inappreciably impacts on permeability, implying that the permeability of tight reservoir was controlled by the other factors (Figure 3) .
The pore-throat geometry is derived from or revealed by RMICP parameters. The previous researches have been dedicated to the correlation of MICP parameters, mainly mercury saturation and capillary pressure, and reservoir permeability [66] [67] [68] [69] . Swanson parameter and capillary parachor, two parameters derived from MICP, have a positive correlation to permeability value in both coarse and tight sandstone [67, 69] . However, irrespective of the applicability, these parameters are empirical correlation of the experiment data and the reservoir porosity and permeability. The essential relation between pore-throat structure and reservoir capability needs to be further investigated.
The cross-plot of calculated pore radius and porosity and permeability in these tight reservoirs indicate that pore size weakly impacts on both porosity and permeability ( Figures  7(a) and 7(b) ). Throat size and volume perform differently to permeability. The throat radii have slightly positive correlation to permeability (Figure 7(c) ), but its volume impacts on porosity negligibly (Figure 7(d) ). The average value of pore/throat ratio has a negative correlation to the value of permeability, which suggests that the relative volume of throat controls reservoir permeability, and it seems more crucial than throat radius (Figures 7(c) and 7(e) ). Porosity has a reverse correlation to the average pore/throat ratio; it seems plausible that relatively more pore volume than throat volume is beneficial to bulk porosity. However, the bulk porosity is defined as the volume proportion of pore and throat in per unit of rock; there is no substantial correlation between their ratio and porosity (Figure 7(f) ). Consequently, the reality correlation between pore/throat ratio and porosity implies that there may have a link between rock and porosity and pore-throat structure.
Standard deviation coefficient of throat radius reveals the homogeneous degree the throats in size. Its relationship with the permeability indicates that permeability of these tight reservoirs is determined by the throat size distribution significantly (Figure 8(a) ). Empirically, permeability is mainly contributed by the part of larger throats and the increase of smaller throats in proportion decreases the permeability [28] . Comparing the throat radius distribution and the corresponding contribution to the permeability between the samples having different permeability value indicates that high permeability sample has more large throats, and the permeability result from the relative larger throat dominated the total permeability (Figure 8(b) ). The mathematical homogenization of the throat size shows that the samples that are more heterogeneous in throat size have more relatively large throats and higher permeability value. Oppositely, more homogeneity accounts for a narrow range of throat radius, and the majority of throat radii are small, which is a disadvantage to fluid flow (Figure 8(b) ). Therefore, permeability has a negative correlation to the homogeneity of throat radius distribution, and the relative larger throats dominated the permeability of the tight clastic rock reservoir. To research the most valuable throat size to permeability, the 80% of priority permeability was investigated. In the experiment of mercury injection, mercury enters the larger throat easily and preferentially. The large throats that created 80% of bulk permeability have been counted. Here the permeability is mercury injection permeability; it may have slight difference to air, hydrocarbon, or other fluid permeability. The result shows that the throat radii that result in 80% permeability of samples varies from about 0.2 to 0.7 m, and this portion of throats cover more wide range and have relative larger value in the samples that have relative high permeability ( Figure 9 ). The statistic shows that this portion of throats are less than 33% of the total throats in volume with an average of 22% (Figure 9) . Therefore, about twenty percent of throats that have large radius value dominated the rock's effective permeability generally. We realize that the minimum throat radius is limited to 0.12 m by the experiment; we can firmly refer to the fact that there are more throats beyond our experiment, which have smaller radius than 0.12 m. This suggests that the result of about twenty percent is just confined in the experiment data. This reveals that the throat radius covers a very wide range, which is from the largest radius to nanoscale that less than 0.12 m, and the distribution patterns of the throat radius that result in permeability are highly similar (Figure 8(b) ), which suggests that the largest throat radius is crucial to throat community in the samples.
The largest throat radius could be deciphered by threshold pressure, and high threshold pressure suggests small maximum throat radius, vice versa. The correlation of threshold (maximum) throat radius to the average throat radius and standard deviation coefficient of throat radius shows that the average throat radii are mostly dominated by the maximum throat radius value (Figure 10(a) ) and the low value of maximum throat radius results in a relative narrow mathematical distribution of throat radius and further low permeability (Figures 10(b) and 10(c) ).
The Storage Capability Estimated by RMICP.
Porosity is the percentage of the space in bulk rock that was not occupied by the rock mineralogical component. However, the theoretic porosity is hard to be identified practically but was measured by undirected ways of fluid injection. Therefore, the used porosity data is a relative value to particular fluid, such as helium and mercury, as well as permeability. Generally, effective porosity for hydrocarbon is more similar to that for mercury, and helium porosity is more close to theoretic value. The experiment of RMICP reoccurred in the fluid flow processes in the porous rock by mercury and finally recorded the storage capability of these tight reservoirs for mercury by saturation. And this capability could be deduced to for hydrocarbon fluid analogically. Here we addressed the controls on this capability by analyzing the pore-throat structure.
To find the proportion of pore and throat space that works for mercury saturation separately, the mercury saturation in them was cross-plotted to the total mercury saturation of the sample ( Figure 11 ). The results indicate that effective pores dominated the increase of the total mercury saturation, and the valid throat space has a relatively steady value ( Figure 11 ). The statistic shows that more than 5% of bulk volume is effective space to be as reservoir; about 3% results from pores, and the other 2% from throats generally ( Table 1) .
Comparison to the helium porosity shows that less than fifty percent of porosity is efficient for mercury. In the other way round, more than fifty percent of pore-throat space has negligible contribution to the hydrocarbon storage in tight clastic rock reservoir.
The correlation analysis illustrates that porosity and permeability have a weak controls on mercury saturation, and the mercury injected pore-throat space is treated as valid porosity for hydrocarbon storage (Figures 12(a) and  12(b) ). The parameters of pore-throat geometry parameters include pore and throat radius, throat size distribution, and pore/throat ratio, individually impacting on the valid porosity insignificantly (Figures 12(c), 12(d), 12(e), and 12(f) ). However, the physical characteristics, particularly the porethroat structure, are the critical factor for fluid flow and keep in the rock, and thus there must exist an indetectable relation behind these parameters, which controls the valid porosity comprehensively. Four pore-throat geometry parameters, including total porosity, threshold throat radius, standard deviation coefficient of throat radius, and pore/throat ratio, which contains total pore space in the rock, the determining factor for fluid flow and the relation between pore and throat space value, were integrated to establish a combination parameter that characterized the pore-throat structure integrated. The result shows two different regression correlations between combination parameter ( , detailed in Figure 13 and caption) and the mercury saturation (the proportion of valid porosity) ( Figure 13 ). These two parts of samples were separated by the mercury saturation value of about 45%. However, they could be expressed by one equation:
where Hg is mercury saturation; and are constants determined by the available proportion of pore and throat space for mercury. Lower than 45% of mercury saturation suggests that more percentage of porosity is unavailable for mercury, implying that the pore-throat structure of the rock is intricate. Therefore, this separation may associated with the physical properties of mercury (e.g., coherence and adherence stress) and/or other characteristics linked to more complicated porethroat structure of rock itself, which is hard to be tested by RMICP. Air permeability
The proportion of these throats in total throat volume (%) The range of throats that 80% of prior permeability result from Figure 9 : The relationship between throat radius and air permeability of the samples from Upper Triassic Chang 7 Member, Odors Basin. The prior permeability (80%) results from a small portion of large throats, and the trend of air permeability has a close relationship with the radii of the large throats.
The Controls of Movable Fluid in Tight Clastic Rock
Reservoir. NMR experiment allows the volume of movable and irresistible fluid (water) in the reservoir to be calculated from 2 . The movable water here was defined as that could outflow from the rock under the centrifugal force of 200 psi (1.38 MPa) that is set in the experiment. This condition is different to the mercury injection processes, which reached 900 psi (6.21 MPa) . This may be a reason for the difference between volume of mercury saturation test by RMICP and movable water saturation from NMR.
Mercury and water have an about ten times difference in viscosity (assuming the temperature of 25 ∘ C). Therefore the effective radius and volume of pore and throat are different for water and mercury. However, the correlation of pore-throat radius and capillary pressure just associated with the fluid and fluid-solid characteristic ( and ), which is a constant for specific fluid and porous materials. Consequently, the porethroat parameters for water flow in the samples have a fixed proportionality constant with that calculated by mercury experiment. So the correlation investigation between the pore-throat structures result from RMICP and water saturation result from NMR is reasonable and effective.
The comparison analysis indicates that the movable water in these tight reservoirs has a good correlation to a lot of pore-throat parameters except for pore radius (Figure 14(a) ). The positive correlation of air permeability and average throat radius to movable water saturation indicates that high air permeability and larger throat radius are beneficial for fluid flowing in the reservoir and lead to high movable water saturation (Figures 14(b) and 14(c) ), and the portion of large throats dominated this correlation, which could be indicated by the positive correlation of movable water saturation to standard deviation coefficient of throat radius and particularly maximum throat radius, which shows more closely relation to movable water saturation with correlation coefficient of 0.97 (Figures 14(d) and 14(e) ). The pores actually The mercury saturation of throats and pores (%) Throats Pores Figure 11 : The correlation of total mercury saturation and the portion from throats and pores, implying the portion of valid porosity that result from throats and pores separately.
impact on the movable water saturation as it is mainly space for water storage. However, it is constrained by the relative volume of throats, which was demonstrated by the negative correlation of pore/throat ratio and movable water saturation (Figure 14(f) ).
Irresistible Water in Tight Clastic Rock Reservoir.
Most of preserving and producing petroleum clastic rock reservoirs are hydrophilic, and thus the capability of the rocks on holding irresistible water is a key factor of percolation threshold, capillary pressure, permeability, and available pore-throat space of petroleum reservoir [70, 71] . Here we focused on the pore-throat structure impacting on irresistible water saturation by using of NMR.
The positive correlation between movable water saturation and threshold throat radius indicates that the fluid flow in the tight reservoir was controlled by permeability (Figures 10(c) and 14(e) ). However, the irresistible water saturation is not controlled by the largest throat, but the opposite, the small throat. Additionally, the network of the pore-throat in the reservoir also influences the water that was held by the reservoir. As Barsotti et al. [6] summarized, in the tight reservoir, confined space of pore-throat network resulted in large intermolecular forces, and, consequently, the function of fluid-pore-wall interactions influence the phase behavior more significantly. Capillary and adsorptive forces alter phase boundaries, phase compositions, interfacial tensions, fluid densities, fluid viscosities, saturation pressures, the coordination number of throats and pores, orientation of throat, and fluid wettability characteristic [72] ; the composition, for example, clay minerals [3] , become more effective on fluid flow in the bulk. Fluid physical properties are qualitatively known to influence the performance of confined fluids except for pore-throat structure [73] [74] [75] [76] . As we mentioned above, the difference that resulted from the particular fluids which was used in the experiment can be eliminated by a fixed proportionality constant for the same porous materials even if they have different wettability. Therefore, the correlation analysis of and irresistible water saturation are reasonable in particular samples. The correlation between irresistible Mercury saturation (%) Figure 13 : The correlation of the combination parameter of pore-throat structure ( ) and total mercury saturation. This implies the relationship between pore-throat structure and valid porosity of the reservoir. The detail of refers to the footnote of Table 1.   30  35  40  45  50  55  60  25 Movable water saturation (%) Figure 14 : The correlation of pore-throat parameters and movable water saturation indicate that movable water saturation has a close relationship with throat geometry, which determined the permeability of the reservoir. Figure 15 : The correlation of the combination parameter of porethroat structure ( ) and irresistible water saturation. The detail of refers to the footnote of Table 1 .
water saturation and indicates that the pore-throat structure combination parameter ( ) controls irresistible water saturation mainly ( Figure 15 ). The value of the irresistible water saturation is the proportion of pore and throat space that is occupied by water (wetting phase) and therefore is negligible for injection or drainage of petroleum. Combined with the talk above, we can infer that pore-throat structure is the key control on fluid flow and holds in tight clastic reservoir and the function of can be used to characterize the pore-throat structure in the tight clastic reservoir significantly.
Conclusion
The portion of throats that have relatively large radius controlled the average value and mathematical distribution pattern of throat radii in the whole bulk rock. The permeability of the reservoir is significantly dominated by the radius value of the largest throat. The porosity of the tight clastic rock reservoir is associated with the comprehensive function of the pore-throat structure. High value of pore/throat ratio presents a positive effect on porosity.
Although the increase of the porosity is determined by the pore bodies, the space volume of throats contributes to the bulk porosity in a relatively high proportion in the tight clastic rock reservoir. The valid porosity for fluid seems weakly impacted by any single physical parameters of the reservoir; it is positively associated with the combination function of pore-throat structure.
A high proportion of porosity is invalid for hydrocarbon in tight clastic rock reservoir. Relatively high permeability results in a relatively high movable water saturation (net pay) potentially.
Pore-throat structure, as was characterized by the combination parameter ( ), is the key controls of the fluid performance in the tight clastic reservoir, and thus is a reasonable predictor of reservoir quality.
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